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Description
Background of the invention

[0001] The invention relates to a wind turbine, a meth-
od for reducing noise emission from a wind turbine tower
and use of a wind turbine.

Description of the Related Art

[0002] A wind turbine known in the art comprises a
tapered wind turbine tower and a wind turbine nacelle
positioned on top of the tower. A wind turbine rotor with
a number of wind turbine blades is connected to the na-
celle through a low speed shaft, which extends out of the
nacelle front as illustrated on figure 1.

[0003] Particularly for land based wind turbines noise
emission can be a serious problem e.g. in that the more
noise the operating wind turbine generates the more re-
mote it has to be sited.

[0004] Reduction of noise emission from wind turbines
have therefore been a major focus area within the art of
designing and constructing wind turbines in resent year.
[0005] Noise can be generated from many sources in
and on the wind turbine and besides the interaction with
the wind a major source can be vibration e.g. from gears
meshing in the gearbox spreading as structure borne vi-
brations and ends up in generating vibrations in other
parts of the wind turbine. Noise is then radiated from sur-
faces of these other parts as a function of the vibration
level on the surface, and the noise radiation ability of the
same surface. Anyresonances in the structure will further
amplify the vibration transmission.

[0006] Regarding this structural noise it is known that
the wind turbine tower can be a problem and e.g. from
the European patent application EP1 515 040 A1 it is
therefore known to provide the outside of the wind turbine
tower with a noise absorbing shell. However such a so-
lution is complex, expensive and would mar the visual
expression of the wind turbine.

From the American patent US 6,213,721 itis also known
to provide the surface of the wind turbine tower with noise
emission reducing tiles comprising a heavy metal plate
connected to the tower through a layer of plastic foam
material glued to the tower. However these tiles are com-
plex and expensive and because this type of vibration
damper works by adding mass to the tower walls their
relative high weight will strain the tower considerably.
An object of the invention is therefore to provide for an
advantageous technique for reducing noise emission
from a wind turbine tower.

[0007] US 2007/0114799 A1 discloses a method for
damping a displacement of a wind turbine including con-
trolling a frequency of oscillation of the wind turbine tower
by coupling one of a first beam and a water tank to a
plurality of surfaces inside the wind turbine tower.
[0008] USEP 1793 366 discloses a method for reduc-
ing noise emission from a wind turbine based on active
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means.
The invention

[0009] The invention provides for a wind turbine com-
prising a wind turbine tower having a tower wall, a wind
turbine nacelle positioned on top of the tower and noise
reducing means for reducing noise emission from the
tower. The noise reducing means comprises a beam
formed as an elongated strengthening member and one
or more damping means, where the damping means are
arranged between the tower wall and the beam, the
damping means being arranged so that relative move-
ment between the tower wall and the beam result in dis-
sipation of energy via the damping means in order to
reduce noise emission.

E.g. the tiles previously disclosed in US 6,213,721 re-
duces noise emission by increasing the mass and there-
by reducing the amplitudes of the noise inducing waves
in the tower wall.

However, in wind turbine towers where weight is a big
issueitis advantageous to reduce noise emission by way
of damping means arranged so that they are able to dis-
sipate the energy of the noise inducing oscillations, in
that this provides for a more efficient noise reduction at
a much lower weight.

[0010] Placing the damping means between the tower
wall and a rigid beam ensures that the oscillations in the
tower wall will entail a deformation ofthe damping means,
hence at least some of the energy is transformed to heat
due tointernalfriction or hysteresis in the damping means
and a damping and noise reducing effect is achieved.
[0011] It should be emphasized that by the term
"beam" is to be understood any kind of girder, balk, joist,
bar or pipe with any kind of open profile such as I, H, L,
C or Z profile or any kind of closed profile such as square,
rectangular, polygonal or round profile or any combina-
tion thereof.

[0012] In an aspect of the invention said noise is gen-
erated by oscillations forming waves in said tower wall
and wherein said damping means are connected to said
tower wall in positions arranged corresponding to at least
two crests and one trough of said wave or to at least two
troughs and one crest of said wave.

[0013] If the beam e.g. only was connected to one
trough and one crest of the wave, the beam would be
displaced angularly substantially following the line be-
tween the two connection points, hence the damping
means are only marginally deformed.

[0014] However, by arranging the damping means on
a given beam so that they at some point in time interacts
with at least two crests and one trough or at least two
troughs and one crest of a noise inducing oscillation in
the tower wall - simultaneously, it is ensured that the
damping means are deformed significantly by the oscil-
lations, in that such a configuration would ensure that the
beam would maintain its position during the oscillation of
the tower wall or at least that the beam would only be
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displaced slightly linearly. This is advantageous in that
the more the damping means are deformed by a given
oscillation the more energy can be dissipated by the
damping means; hence the noise reducing quality of the
noise reducing means is increased.

[0015] Inanaspectofthe invention said noise reducing
means are connected to a top section of said tower wall.
[0016] One of the main sources for structural borne
vibrations in the wind turbine tower is gears meshing in
the gearbox in the nacelle and if a gearbox is not present
another major source would be other mechanical vibra-
tion inducing equipment in the nacelle such as generator,
pumps for cooling or hydraulic systems, motors or other,
and it is therefore advantageous that the noise reducing
means are connected to the top section of the tower to
eliminate the vibrations as early as possible before they
spreads down the tower and thereby increases the noise
emission.

[0017] Inanaspectofthe invention said noise reducing
means is connected to the inside of said tower.

[0018] The interior of the wind turbine tower presents
a more controlled environment than the exterior and by
placing the noise reducing means on the inside of the
tower it is possible to better protect the noise reducing
means from the fury of the elements.

[0019] In an aspect of the invention said damping
means are formed as a flexible coupling between said
tower wall and said beam.

[0020] E.g. If the flexible coupling is a friction coupling
or if the coupling material at least to some degree has a
plastic behaviour, the oscillations in the tower wall will
deform the damping means and thereby cause energy
loss in form of dissipation of kinetic energy, hence damp-
ing occurs.

[0021] Furthermore, the inside surface of a wind tur-
bine tower can be slightly uneven and it is therefore ad-
vantageous to compensate for any permanent variation
in the distance between the relatively rigid tower wall and
the relatively rigid beam by using flexible couplings to
make the noise reducing means adapt to the tower wall
and thereby ensure good contact between all the damp-
ing means on a single beam and the tower wall.

[0022] In an aspect of the invention said damping
means are at least partly made from rubber.

[0023] Synthetic and natural rubber is very inexpen-
sive, itis flexible and at the same time able to convert at
least some of the energy used to deform it to heat, making
it advantageous for forming damping means capable of
dissipating the energy of the tower wall oscillations.
[0024] In an aspect of the invention said one or more
damping means comprise one or more magnets for con-
necting said noise reducing means to the tower wall by
means of magnetic attraction forces of said magnets.
[0025] Connecting the noise reducing means to the
tower wall by means of magnetic attraction forces is ad-
vantageous in that most modern wind turbine towers are
made from steel and attachment by magnets is a simple
and flexible solution e.g. enabling that the noise reducing
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means according to the present invention can be mount-
ed in the tower without weakening the tower structure
and in that the beams easily can be retrofitted.

[0026] Inanaspectoftheinventionsaid noise reducing
means comprise at least three damping means substan-
tially evenly spaced along the longitudinal length of said
beam.

[0027] If the beam was only connected in one point it
would substantially only move back and forth in phase
with the oscillations in the tower wall substantially without
deforming the intermediate damping means.

[0028] If the beam was connected in two points the
beam would be angularly displaced in phase with the
positions of the oscillating wall at these points, hence the
intermediate damping means would atbest only be slight-
ly deformed.

[0029] Butifthe beamis connected inthree points, the
chance of at least one of the points moving in a direction
opposite the other two points is increased, hence the
intermediate damping means are deformed more and
more energy is dissipated.

[0030] Furthermore, by attaching the beams attached
to the tower wall through in atleast three displaced damp-
ingmeans s also advantageous inthat the beams hereby
braces and stiffens the tower walls and thereby increas-
ing the structural damping of the area of the tower where
the beams are placed.

[0031] In an aspect of the invention said at least three
damping means are mutually displaced by approximately
half the wavelength of a noise inducing oscillation in said
tower wall.

[0032] If the mutual distance between the damping
means of a given beam is smaller or bigger than half the
wavelength of a noise inducing oscillation in the tower
wall the efficiency of the noise reducing means is re-
duced, inthattherisk of the three or more damping means
being affected in the same direction simultaneously is
increased. It is therefore advantageous to place the
damping means approximately half a wavelength apart
along the length of the beam.

[0033] In an aspect of the invention said beam have a
length, which is at least 1.5 times the wavelength of a
noise inducing oscillations in said tower.

[0034] To increase the decay of vibrations spreading
in the tower structure and thereby reduce the noise emis-
sion from the tower, it is more efficient if the rigid beam
is so long that it is possible to connect it to the tower by
means of at least one damping mean connected to a
trough and at least two damping means connected to at
least two different crests or at least two damping mean
connected to at least two different troughs and at least
one damping mean connected to at least one crest of the
same wave spreading through the tower structure.
[0035] In an aspect of the invention said one or more
beams have alength of between 0.5 and 30 meters, pref-
erably between 1 and 20 meters and most preferred be-
tween 2 and 8 meters.

[0036] Ifthe beamistoo longitbecomes unnecessarily
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heavy and if it is too short it will not be able to reduce the
noise emission efficiently. The present length ranges
therefore provides for an advantageous relationship be-
tween weight and efficiency.

[0037] Inanaspectofthe invention said noise reducing
means comprise tuning means for adjusting a centre dis-
tance between at least two of said damping means in
accordance to a wavelength of the noise inducing oscil-
lations in said tower wall.

[0038] Providing the noise reducing means according
to the invention with tuning means is advantageous in
that it is hereby enabled that the noise reducing means
can be tuned to more efficiently reduce noise emission
at a specific frequency, amplitude, wavelength or other.
[0039] Furthermore, adjusting the centre distance be-
tween the damping means of a single beam is advanta-
geous in that it is a simple and efficient way of tuning the
noise reducing means according to the present invention
towards vibrations spreading at a specific wavelength.
[0040] In an aspect of the invention said beam is ori-
entated substantially vertically on said tower.

[0041] When the beams are orientated substantially
vertically it is possible to make the noise reducing means
straight and still make the beam follow the surface of the
tower even though the tower or the specific tower section
cones.

[0042] Furthermore, vertically mounted beams will
cover a larger area vertically and thereby reduce the risk
of structural borne vibrations spreading downwards to-
wards the ground.

[0043] In an aspect of the invention said wind turbine
comprise two or more noise reducing means substantial-
ly evenly spaced along a circumference of said tower.
[0044] More beams will increase the noise reducing
effect of the beams and by spacing them evenly around
the tower the noise is also evenly reduced around the
tower.

[0045] In an aspect of the invention said beam is ori-
entated substantially horizontally on said tower.

[0046] Noise inducing waves in the tower wall can un-
der certain circumstances spread substantially horizon-
tally along the circumference of the tower and it is there-
fore advantageous orientate the beam substantially hor-
izontally to enable interaction with several waves simul-
taneously. In such case the beam could e.g. be formed
round to follow the circumference of the tower.

[0047] Furthermore the invention provide for a method
for reducing noise emission from a wind turbine tower by
providing a noise emitting tower wall with noise reducing
means so that noise inducing oscillations in the tower
wall result in dissipation of energy via damping means
arranged between the tower wall and an elongate beam
of the noise reducing means.

[0048] Hereby is provided a very efficient method for
reducing noise emission from a wind turbine tower in that
energy conversion by dissipation is a very light, inexpen-
sive and efficient way of reducing noise emission.
[0049] Inanaspectofthe invention said method further
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comprises the step of establishing the wavelength of one
or more of said noise inducing oscillations in said tower
wall before said noise reducing means are provided to
said noise emitting tower wall.

[0050] If the wavelength of one or more of noise induc-
ing oscillations is known beforehand it is possible to make
or adapt the noise reducing means to be more efficient
at reducing waves at this wavelength. It would also en-
able that the noise reducing means could be selected
from a number of different embodiments of noise reduc-
ing means to solve a specific tower noise problem.
[0051] Inanaspectoftheinventionsaid noise reducing
means are tuned by adjusting the centre distance of said
damping means in accordance with the wavelength of
said noise inducing oscillations.

[0052] Hereby is achieved an advantageous embodi-
ment of the invention.

[0053] Inanaspectoftheinventionsaid noise reducing
means are tuned by adjusting distances between the
damping means connected to the same beam in accord-
ance with the wavelength of said noise inducing oscilla-
tions.

[0054] Hereby is achieved an advantageous embodi-
ment of the invention.

[0055] Even further the invention provide for use of a
wind turbine according to any of the above, wherein the
wind turbine comprises a gearbox for increasing the ro-
tational speed between the rotor and the generator of the
wind turbine.

[0056] A gearbox and particularly a wind turbine gear-
box - which typically comprises one or more epicyclical
gear stages - includes a plurality of gears meshing during
operation and the impact of the tooth meeting each other
can create vibrations, which through the nacelle structure
and through the yaw mechanism can spread to the tower
wall, where the vibrations can make the tower wall emit
noise. It is therefore particularly advantageous to use
noise reducing means according to the presentinvention
in relation with a wind turbine comprising a gearbox for
increasing the rotational speed between the rotor and
the generator.

Figures

[0057] The invention will be described in the following
with reference to the figures in which

fig. 1. illustrates a large modern wind turbine known
in the art, as seen from the front,

fig. 2illustrates a simplified cross section of anacelle,
as seen from the side,

fig. 3 illustrates a wind turbine comprising noise re-
ducing means according to the invention, as seen

from the front,

fig. 4A illustrates an embodiment of noise reducing
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means, as seen from the side,

fig. 4B illustrates the embodiment of noise reducing
means shown in fig. 4A mounted on an oscillating
tower wall, as seen from the side,

fig. 5illustrates a cross section of a wind turbine tow-
er comprising evenly spaced noise reducing means,
as seen from the top,

fig. 6 illustrates a cross section of noise reducing
means comprising magnets and a first embodiment
of a flexible coupling, as seen from the top,

fig. 7 illustrates a cross section of noise reducing
means comprising magnets and a second embodi-
ment of a flexible coupling, as seen from the top,

fig. 8 illustrates a further embodiment of noise reduc-
ing means, as seen from the top,

fig. 9 illustrates waves spreading horizontal in a wind
turbine tower, as seen from the top, and

fig. 10illustrates waves spreading vertically in a wind
turbine tower, as seen from in perspective.

Detailed description

[0058] Fig. 1 illustrates a wind turbine 1 known in the
art, comprising a tapered tower 2, which is subdivided
into a number of tower sections 6. A wind turbine nacelle
3 is positioned on top of the tower 2.

[0059] The wind turbine rotor 4, comprising a number
of wind turbine blades 5, is connected to the nacelle 3
through the low speed shaft which extends out of the
nacelle 3 front.

[0060] Typically a tower section 6 comprise a number
of tower rings welded together during the making of the
section 6, where each section 6 typically at each end
comprises a connection flange for connecting the tower
sections 6 to each other at the erection site to form a
complete tower 2. The tower sections 6 can theoretically
be up to more than 50 or 60 meters long but in practice
they are seldom more than 35 meters long to enable that
they can be transported on the existing road system.
[0061] In this embodiment the tower 2 comprise a top
section 12 on top of five other tower sections 6 but in
another embodiment the tower 2 could comprise more
or less tower sections 6 such as one, two, three, four or
five tower sections 6 e.g. depending on the total height
of the tower 2, the type of wind turbine 1, the weight of
the nacelle 3 and rotor 4, the maximum transportable
length or other.

[0062] Fig. 2 illustrates a simplified cross section of a
nacelle 3 of a prior art wind turbine 1, as seen from the
side. Nacelles 3 exists in a multitude of variations and
configurations but in most cases the drive train in the
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nacelle 3 almost always comprise one or more of the
following components: a gearbox 15, a coupling (not
shown), some sort of breaking system 16 and a generator
17. A nacelle 3 of a modern wind turbine 1 can also in-
clude a converter 18 (also called an inverter) and addi-
tional peripheral equipment such as further power han-
dling equipment, control cabinets, hydraulic systems,
cooling systems and more.

[0063] The weight of the entire nacelle 3 including the
nacelle components 15, 16, 17, 18 is carried by a nacelle
structure 19. The components 15, 16, 17, 18 are usually
placed on and/or connected to this common load carrying
nacelle structure 19. In this simplified embodiment the
load carrying nacelle structure 19 only extends along the
bottom of the nacelle 3 e.g. in form of a bed frame to
which some or all the components 15, 16, 17, 18 are
connected. In another embodiment the load carrying
structure 19 could comprise a gear bell which through
the main bearing could transfer the load of the rotor 4 to
the tower 2, or the load carrying structure 19 could com-
prise several interconnected parts such as latticework.
[0064] At the bottom of the nacelle 3 the wind turbine
1 is provided with a yaw mechanism 14 fitted in the joint
between the tower 2 and the nacelle 3. The yaw mech-
anism 14 could comprise some kind of toothed slewing
bearing actuated by some kind of motor driven pinion.
[0065] Fig. 3 illustrates a wind turbine 1 comprising
noise reducing means 8 according to the invention, as
seen from the front

[0066] In this embodiment of the invention the tower 2
comprise a number of noise reducing means 8 in the form
of rigid beams 9 attached to the inside surface of the
tower 2 through a number of vertically displaced damping
means 20.

[0067] Inthis embodimentthe beams 9 are made from
steel but in another embodiment the beams 9 or some
of the beams 9 could be made from another type of metal
such as iron, stainless steel, aluminum, titanium or any
kind of alloy hereof or the beams 9 could be made from
plastic, ceramics or any kind of composite material e.g.
reinforced by means of metal rods, wood, wires or fibers.
[0068] In this preferred embodiment the beams 9 are
attached to the inside surface of the tower 2 butin another
embodiment at least some of the beams 9 could be at-
tached to the outside surface of the tower 2 e.g. if it was
not possible to fit the beams 9 on the inside surface due
to lack of space or if a specific embodiment of the beams
9 was more efficient at reducing noise if attached to the
outside surface of the tower 2.

[0069] In this embodiment the noise reducing means
8 are placed on the top section 12 of the tower 2 to prevent
vibrations from the nacelle 3 from spreading down
through the tower 2 and to reduce the noise emitted from
the tower 2, but e.g. if vibration inducing equipment was
placed on platforms in or on the tower 2 or at the bottom
of the tower 2 it could be advantageous to place the noise
reducing means 8 elsewhere in the tower 2.

[0070] In this embodiment the noise reducing means
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8 are substantially evenly horizontally spaced around the
entire circumference of the tower 2 but in another em-
bodiment of the invention the noise reducing means 8
could be unevenly spaced or they could only be placed
at parts of the circumference of the tower 2 e.g. to adapt
to a very predominant direction of the wind or if noise
emission not was a problem at parts of the tower circum-
ference e.g. due to connected equipment such as lad-
ders, elevators, cables and other.

[0071] Fig. 4Aillustrates an embodiment of a noise re-
ducing means 8, as seen from the side.

[0072] In this embodiment of the invention the beam 9
comprises nine evenly spaced damping means 20
through which the beam 9 is connected to the tower walls
22 by means of magnets 10 embedded in the damping
means 20. In another embodiment the beam 9 could com-
prise another number of damping means 20 but prefer-
ably between 2 and 50 and most preferred between 3
and 30. The number of damping means 20 could e.g. be
dependent of the frequency or the wavelength of the os-
cillation in the tower wall 22 inducing the most critical
noise.

[0073] Inthisembodimentthe damping means 20 com-
prise connection means 10 in the form of magnets for
connecting the noise reducing means 8 rigidly to the tow-
er wall 22 by means of the magnetic attraction forces of
the magnets 10. The magnets 10 could be embedded in
the damping means 20 to protect the magnets from in-
teracting with the air, with moist or other. In this embod-
iment the damping means 20 are bolted to a bottom
flange of the beam 9 but in another embodiment the
damping means 20 could be connected in another way.
[0074] In another embodiment the connection means
10 could comprise special fittings for use when connect-
ing to the tower 2 or the damping means 20 could be
connected to the tower wall 22 by means of adhesives,
bolts, struts, rivets, welding or other or the individual or
the different damping means 20 could comprise any com-
bination of mechanical and/or magnetically connection
means 10.

[0075] In this embodiment the damping means 20 are
evenly spaced in the longitudinal direction of the beam
9, in that the centre distance CD between neighboring
damping means 20 are uniform throughout the entire
length L of the beam 9 making the noise reducing means
8 particularly suited for reducing noise spreading at a
specific wavelength WL but in another embodiment the
damping means 20 could be spaced differently e.g. with
three neighboring damping means 20 positioned at a first
given centre distance CD followed by three other neigh-
boring damping means 20 positioned at a second given
centre distance CD and e.g. followed by three further
neighboring damping means 20 positioned at a third giv-
en centre distance CD to make the noise reducing means
8 suited for reducing noise spreading at two, three or
more different wavelength WL.

[0076] In this embodiment the noise reducing means
8 are premade with a fixed length L, a fixed number of
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damping means 20 placed in fixed positions but in an-
other embodiment the noise reducing means 8 could fur-
ther comprise tuning means 13 in that the damping
means 20 could be attached to the beam 9 through elon-
gated slits inthe beam 9 to enable thatthe centre distance
CD between two or more of the damping means 20 could
be adjusted to make the distance CD substantially fit the
distance between a crest and a neighboring trough of the
same wave inducing the most critical noise in the tower
walls 22.

[0077] The noise reducing means 8 could also be pro-
vided with tuning means 13 by providing the beam with
a multitude of attachments holes enabling that - within a
narrow margin - the mutual distance CD between some
or all of the damping means 20 can be adjusted to a
specific mode of noise or the damping means 20 could
be connected to the beam 9 through special fittings en-
abling that the damping means 20 could slide along the
length L of the beam 9 at least during a adjustment pro-
cedure for tuning the noise reducing means 8.

[0078] Ifthe beam 9is ofagivenlength L and the tuning
of the noise reducing means 8 entails that the centre
distance CD between the damping means 20 would have
to be increased, the number of damping means 20 could
also be adjusted or the beam 9 could be exchanged with
at beam 9 of a more suitable length L.

[0079] The noise reducing means 8 could be tuned
based on already made measurements of the specific
noise situation of a specific wind turbine tower 2 e.g.
measurements of the wavelength WL of the vibrations
producing the most critical noise emission from the tower
2 or the noise reducing means 8 could be tuned based
on a trial and error method where the centre distance CD
between at least some of the damping means 20, the
length of the beam 9 and/or the number of connection
areas 7 would be adjusted until the best or at least a
sufficient noise reduction was achieved.

[0080] Fig. 4B illustrates the embodiment of noise re-
ducing means 8 shown in fig. 4A mounted on an oscil-
lating tower wall 22, as seen from the side.

[0081] When the noise reducing means 8 is installed
on an oscillating tower wall 22 and the centre distance
CD between the damping means 20 is substantially equal
to half the wavelength WL of the wave producing the
noise the beam 9 will substantially maintain its position
in space at all times independent of the magnitude of the
oscillations in the tower wall 22. As illustrated substan-
tially half of the damping means 20 will be affected in a
first direction while the other half of the damping means
20 is affected in a direction opposite the first direction.
This entails that substantially all the energy of the relative
motion between the tower wall 22 and the beam is used
for deforming the damper means 20 whereby the energy
is dissipated via the damper means 20 and the size of
the wave is reduced hereby reducing the noise emission.
[0082] Furthermore this embodimentof noise reducing
means 8 would also stiffen the tower wall hereby further
reducing the noise emission by preventing the wave from
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spreading through the more rigid tower walls 22.

[0083] Fig.5illustrates across section of awind turbine
tower 2 comprising evenly spaced noise reducing means
8, as seen from the top.

[0084] In this embodiment the noise reducing means
8 are evenly spaced around the inside wall 22 of the tower
2 but in another embodiment the noise reducing means
8 could be spaced differently e.g. because of asymmetry
in the tower construction entailing that noise emission
mainly occurs at a specific side of the tower 2, because
of a very dominating wind direction entailing that unwant-
ed vibration would mainly spread from one side, because
of limited space inside the tower e.g. due to ladders, el-
evators, platforms or other or simple because tests had
shown that a asymmetrical distribution was needed or
sufficient.

[0085] Furthermore, in this embodiment the noise re-
ducing means 8 are all of the same length L, same damp-
ing means 20 configuration and placed in the same height
in the tower 2 but in another embodiment the beams 9
could be of different length L or they could be placed
staggered e.g. alternately or some noise reducing means
8 could be provided with damping means 20 distributed
at a first mutual distance CD and noise reducing means
8 with damping means 20 distributed at a second mutual
distance CD e.g. to increase the efficiency of the noise
reducing means 8, to enable noise reduction at different
frequencies simultaneously or other.

[0086] Fig. 6illustrates a cross section of noise reduc-
ing means 8 comprising magnets 10 and a first embod-
iment of a flexible coupling 11, as seen from the top.
[0087] In this embodiment the connection means 10
are formed as a magnet enabling that the stiffening beam
9 can be connected to the metal tower wall 22 by means
of magnetic attraction forces hereby avoiding any weld-
ing or holes weakening the tower structure.

[0088] For magnetic suspension to be efficient, sub-
stantially the entire contact surface 21 have to be in prob-
er contact with the tower wall surface 22 and it can there-
fore be advantageous to form the damping means 20 as
a flexible coupling 11 e.g. allowing a small more or less
permanent angular, linear or transverse adaption of the
contact surface 21 in relation to the tower wall surface
22 to enable good contact.

[0089] In this embodiment the magnets 10 are con-
nected to the beam 9 by means of bolts and the damping
means 20 is provided by means of a flexible coupling 11
between said bolt, the beam 9 and the magnet. This
damping means 20 could e.g. be made from rubber, plas-
tic, wood or another material more flexible that the mag-
nets, bolts and the tower 2.

[0090] Fig. 7 illustrates a cross section of noise reduc-
ing means 8 comprising magnets 10 and a second em-
bodiment of a flexible coupling 11, as seen from the top.
[0091] Inthisembodimentofthe invention the damping
means 20 are formed as a flexible coupling 11 in the form
of a flexible washer between the magnet 10 and the head
of the bolt.
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[0092] Fig. 8 illustrates a further embodiment of stiff-
ening beam 9, as seen from the top.

[0093] Inthis embodiment of the invention the beam 9
is Z-shaped but as previously explained the beam 9 can
be H-, I-, S-, C-, L- ,M- or U-shaped or the beam 9 can
be formed as a closed tube or pipe such as a circular,
oval, rectangular or square pipe or the beam 9 could com-
prise any other closed or open straight, curved or polyg-
onal shape or any combination thereof.

[0094] Sinceitisimportantthatthe beam 9is veryrigid,
it is also feasible that the beam 9 could comprises some
kind of lattice work or other types of reinforcements either
in the form of a separate add-on orintegrated in the beam
9 e.g. if the beam 9 was made through extrusion.
[0095] Inthis embodimentthe damping means 20 com-
prises connection means 10 in the form of simple ferrite
based magnets but in another embodiment the magnets
could be made from another permanent magnetic mate-
rial such as Alnico, magnetic Ceramic or preferably Neo-
dymium or Samarium- Cobalt or the magnets could be
made from another suitable type of permanent magnetic
material or any combination thereof or the magnets could
be formed as electro magnets.

[0096] Fig. 9 illustrates waves spreading substantially
horizontal in a wind turbine tower 2, as seen from the top.
[0097] Under certain circumstances oscillations in the
tower wall 22 can spread substantially horizontally and
circularly in the tower wall 22 as illustrated by the wave
in fig. 9. In this case the noise reducing means 8 could
be formed circularly or otherwise to adabt to the specific
tower 2 shape and thereby enable the damping means
20 of the noise reducing means 8 could interact with more
crests and troughs of the wave simultaneously.

[0098] Fig. 10illustrates waves spreading substantially
vertically in a wind turbine tower 2, as seen from in per-
spective.

[0099] When waves in the tower wall 22 spread verti-
cally it is most often because the tower 2 becomes more
oval in a first direction and further down the tower 2 be-
comes more oval in a second direction simultaneously,
where the first direction is perpendicular to the second
direction. This entails that a vertical cross section of the
tower 2 forms a standard sinus shaped wave along at
least some of the vertical extent of the tower 2.

[0100] The invention has been exemplified above with
reference to specific examples of noise reducing means
8, beams 9, damping means 20 and other. However, it
should be understood that the invention is not limited to
the particular examples described above but may be de-
signed and altered in a multitude of varieties within the
scope of the invention as specified in the claims.

List

[0101]

1. Wind turbine
2. Tower
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3. Nacelle

4. Rotor

5. Blade

6. Tower section

7.

8. Noise reducing means

9. Beam

10. Connection means

11. Flexible coupling

12. Top section of tower

13. Tuning means

14. Yaw mechanism

15. Gearbox

16. Braking system

17. Generator

18. Converter

19. Nacelle structure

20. Damping means

21. Contact surface of magnet

22. Tower wall

CD. Centre distance between damping means

L. Length of noise reducing means

WL.  Wavelength of noise inducing oscillation of tower

wall

Claims

1. A wind turbine (1) comprising
a wind turbine tower (2) having a tower wall (22),
a wind turbine nacelle (3) positioned on top of said
tower (2), and
noise reducing means (8) for reducing noise emis-
sion from said tower (2), characterised in that said
noise reducing means (8) comprises a beam (9)
formed as an elongated strengthening member and
one or more damping means (20), where said damp-
ing means (20) are arranged between said tower wall
(22) and said beam, and wherein
said damping means (20) are arranged so that rel-
ative movement between said tower wall (22) and
said beam (9) result in dissipation of energy via said
damping means in order to reduce noise emission.

2. Awind turbine (1) according to claim 1, wherein said
noise is generated by oscillations forming waves in
said tower wall (22) and wherein said damping
means (20) are connected to said tower wall (22) in
positions arranged corresponding to at least two
crests and one trough of said wave or to at least two
troughs and one crest of said wave.

3. Awind turbine (1) according to claim 1 or 2, wherein
said noise reducing means (8) are connected to a
top section (12) of said tower wall (22).

4. A wind turbine (1) according to any of the preceding

claims, wherein said noise reducing means (8) is
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10.

1.

12.

13.

14.

15.

14
connected to the inside of said tower (2).

A wind turbine (1) according to any of the preceding
claims, wherein said damping means (20) are
formed as a flexible coupling (11) between said tower
wall (22) and said beam (9).

A wind turbine (1) according to any of the preceding
claims, wherein said damping means (20) are at
least partly made from rubber.

A wind turbine (1) according to any of the preceding
claims, wherein said one or more damping means
(20) comprise one or more magnets for connecting
said noise reducing means (8) to the tower wall (22)
by means of magnetic attraction forces of said mag-
nets.

A wind turbine (1) according to any of the preceding
claims, wherein said noise reducing means (8) com-
prise atleastthree damping means (20) substantially
evenly spaced along the longitudinal length (L) of
said beam (9).

A wind turbine (1) according to claim 8, wherein said
at least three damping means (20) are mutually dis-
placed by approximately half the wavelength (WL)
of a noise inducing oscillation in said tower wall (22).

A wind turbine (1) according to any of the preceding
claims, wherein said beam (9) have a length (L),
which is at least 1,5 times the wavelength (WL) of a
noise inducing oscillations in said tower (2).

A wind turbine (1) according to any of the preceding
claims, wherein said one or more beams (9) have a
length (L) of between 0.5 and 30 meters, preferably
between 1 and 20 meters and most preferred be-
tween 2 and 8 meters.

A wind turbine (1) according to any of the preceding
claims, wherein said noise reducing means (8) com-
prise tuning means (13) for adjusting a centre dis-
tance (CD) between at least two of said damping
means (20) in accordance to a wavelength (WL) of
the noise inducing oscillations in said tower wall (22).

A wind turbine (1) according to any of the preceding
claims, wherein said beam (9) is orientated substan-
tially vertically on said tower (2).

A wind turbine (1) according to claim 10, wherein
said wind turbine (1) comprise two or more noise
reducing means (8) substantially evenly spaced
along a circumference of said tower (2).

A wind turbine (1) according to any of claims 1 to 9,
wherein said beam (9) is orientated substantially hor-
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izontally on said tower (2).

A method for reducing noise emission from a wind
turbine tower (2) by providing a noise emitting tower
wall (22) with noise reducing means (8) so that noise
inducing oscillations in said tower wall (22) result in
dissipation of energy via damping means (20) ar-
ranged between said tower wall (22) and an elongate
beam (9) of said noise reducing means (8).

A method according to claim 16, wherein said meth-
od further comprises the step of establishing the
wavelength (WL) of one or more of said noise induc-
ing oscillations in said tower wall (22) before said
noise reducing means (8) are provided to said noise
emitting tower wall (22).

A method according to claim 17, wherein said noise
reducing means (8) are tuned by adjusting the centre
distance (CD) of said damping means (20) in accord-
ance with the wavelength (WL) of said noise inducing
oscillations.

A method according to claim 17 or 18, wherein said
noise reducing means (8) are tuned by adjusting dis-
tances between the damping means (20) connected
to the same beam (9) in accordance with the wave-
length (WL) of said noise inducing oscillations.

Patentanspriiche

1.

Windturbine (1), umfassend

einen Windturbinenturm (2), der eine Turmwand (22)
aufweist,

eine Windturbinengondel (3), die auf der Oberseite
des Turms (2) positioniert ist, und
Larmreduzierungsmittel (8) zum Reduzieren der
Larmemission von dem Turm (2),

dadurch gekennzeichnet, dass

das Larmreduzierungsmittel (8) einen Balken (9)
umfasst, der als ein langliches Verstarkungselement
ausgebildetist, und eines oder mehrere Dampfungs-
mittel (20), wobei die Dampfungsmittel (20) zwi-
schen der Turmwand (22) und dem Balken angeord-
net sind,

und wobei

die Dampfungsmittel (20) derart angeordnet sind, so
dass eine relative Bewegung zwischen der Turm-
wand (22) und dem Balken (9) zu einer Ableitung
von Energie Uber das Dampfungsmittel fihren, um
die L&rmemission zu reduzieren.

Windturbine (1) nach Anspruch 1, wobei der Larm
durch Schwingungen erzeugt wird, die Wellen in der
Turmwand (22) bilden, und wobei die Dampfungs-
mittel (20) mit der Turmwand (22) an Positionen ver-
bunden sind, die entsprechend mindestens zweier
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10.

1.

12.

Kamme und einer Mulde der Welle oder mindestens
zweier Mulden und einem Kamm der Welle ange-
ordnet sind.

Windturbine (1) nach Anspruch 1 oder 2, wobei die
Larmreduzierungsmittel (8) mit einem oberen Ab-
schnitt (12) der Turmwand (22) verbunden sind.

Windturbine (1) nach einem der vorstehenden An-
spriiche, wobei das Larmreduzierungsmittel (8) mit
der Innenseite des Turms (2) verbunden ist.

Windturbine (1) nach einem der vorstehenden An-
spriiche, wobei die Dampfungsmittel (20) als eine
flexible Kupplung (11) zwischen der Turmwand (22)
und dem Balken (9) ausgebildet sind.

Windturbine (1) nach einem der vorstehenden An-
spriiche, wobei die Dampfungsmittel (20) mindes-
tens teilweise aus Kautschuk hergestellt sind.

Windturbine (1) nach einem der vorstehenden An-
spriiche, wobei das eine oder die mehreren Damp-
fungsmittel (20) einen oder mehrere Magnete zum
Verbinden der Larmreduzierungsmittel (8) mit der
Turmwand (22) mittels magnetischer Anziehungs-
krafte der Magnete umfassen.

Windturbine (1) nach einem der vorstehenden An-
spriiche, wobei die Larmreduzierungsmittel (8) min-
destens drei Dampfungsmittel (20) umfassen, dieim
Wesentlichen gleichmaRig entlang der Langslange
(L) des Balkens (9) beabstandet sind.

Windturbine (1) nach Anspruch 8, wobei die mindes-
tens drei Dampfungsmittel (20) gegenseitig um un-
gefahr die Halfte der Wellenlange (WL) einer larmin-
duzierenden Schwingung in der Turmwand (22) ver-
setzt sind.

Windturbine (1) nach einem der vorstehenden An-
spriiche, wobei der Balken (9) eine Lange (L) auf-
weist, die mindestens das 1,5-fache der Wellenlan-
ge (WL) einer larminduzierenden Schwingung in
dem Turm (2) betragt.

Windturbine (1) nach einem der vorstehenden An-
spriiche, wobei der eine oder die mehreren Balken
(9) eine Lange (L) zwischen 0,5 und 30 Metern, vor-
zugsweise zwischen 1 und 20 Metern und am meis-
ten bevorzugt zwischen 2 und 8 Metern aufweisen.

Windturbine (1) nach einem der vorstehenden An-
spriiche, wobei die Larmreduzierungsmittel (8) ein
Abstimmmittel (13) zum Einstellen eines Mittenab-
stands (CD) zwischen mindestens zwei der Damp-
fungseinrichtungen (20) gemaR einer Wellenldnge
(WL) der larminduzierenden Schwingungen in der
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Turmwand (22) umfassen.

Windturbine (1) nach einem der vorstehenden An-
spriiche, wobei der Balken (9) im Wesentlichen ver-
tikal mit dem Turm (2) ausgerichtet ist.

Windturbine (1) nach Anspruch 10, wobei die Wind-
turbine (1) zwei oder mehr Larmreduzierungsmittel
(8) umfasst, die im Wesentlichen gleichmaRig ent-
lang eines Umfangs des Turms (2) beabstandetsind.

Windturbine (1) nach einem der Anspriiche 1 bis 9,
wobei der Balken (9) im Wesentlichen horizontal auf
dem Turm (2) ausgerichtet ist.

Verfahren zum Reduzieren der Larmemission von
einem Windturbinenturm (2) durch Bereitstellen ei-
ner LA&rmemissionsturmwand (22) mit Larmreduzie-
rungsmitteln (8), so dass larminduzierende Schwin-
gungen in der Turmwand (22) zur Ableitung der En-
ergie Uber Dampfungsmittel (20) fuhren, die zwi-
schen der Turmwand (22) und einem langlichen Bal-
ken (9) der Larmreduzierungsmittel (8) angeordnet
sind.

Verfahren nach Anspruch 16, wobei das Verfahren
weiter den Schritt des Einrichtens der Wellenlange
(WL) aus einer oder mehreren der l&arminduzieren-
den Schwingungen in der Turmwand (22) umfasst,
bevor die Larmreduzierungsmittel (8) der LArmemis-
sionsturmwand (22) bereitgestellt werden.

Verfahren nach Anspruch 17, wobei die Larmredu-
zierungsmittel (8) durch Einstellen des Mittenab-
stands (CD) der Dampfungsmittel (20) gemaf der
Wellenlange (WL) der larminduzierenden Schwin-
gungen abgestimmt werden.

Verfahren nach Anspruch 17 oder 18, wobei die
Larmreduzierungsmittel (8) abgestimmt werden, in-
dem Abstande zwischen den Dampfungsmitteln (20)
eingestellt werden, die mit dem gleichen Balken (9)
gemal der Wellenldnge (WL) der larminduzieren-
den Schwingungen verbunden sind.

Revendications

Eolienne (1) comprenant

une tour d’éolienne (2) dotée d’une paroi de tour (22),
une nacelle d’éolienne (3) placée en haut de ladite
tour (2), et

un moyen de réduction de bruit (8) destiné a réduire
les émissions de bruit de ladite tour (2),
caractérisée en ce que

ledit moyen de réduction de bruit (8) comprend une
poutre (9) se présentant sous la forme d’un élément
de renforcement allongé et un ou plusieurs moyens
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10

d’amortissement (20), lesdits moyens d’amortisse-
ment (20) étant agencés entre ladite paroi de tour
(22) et ladite poutre,

et dans laquelle

lesdits moyens d’amortissement (20) sont agencés
de sorte que le mouvement relatif entre ladite paroi
de tour (22) et ladite poutre (9) engendre une dissi-
pation d’énergie via lesdits moyens d’amortissement
afin de réduire les émissions de bruit.

Eolienne (1) selon la revendication 1, dans laquelle
ledit bruit est produit par des oscillations formant des
ondes dans ladite paroi de tour (22) et dans laquelle
lesdits moyens d’amortissement (20) sont reliés a
ladite paroi de tour (22) dans des positions agencées
de maniére a correspondre a au moins deux crétes
et un creux de ladite onde ou a au moins deux creux
et une créte de ladite onde.

Eolienne (1) selon les revendications 1 ou 2, dans
laquelle lesdits moyens de réduction de bruit (8) sont
reliés a une partie supérieure (12) de ladite paroi de
tour (22).

Eolienne (1) selon I'une quelconque des revendica-
tions précédentes, dans laquelle ledit moyen de ré-
duction de bruit (8) est relié a la partie intérieure de
ladite tour (2).

Eolienne (1) selon I'une quelconque des revendica-
tions précédentes, dans laquelle lesdits moyens
d’amortissement (20) se présentent sous la forme
d’un accouplement flexible (11) entre ladite paroi de
tour (22) et ladite poutre (9).

Eolienne (1) selon I'une quelconque des revendica-
tions précédentes, dans laquelle lesdits moyens
d’amortissement (20) sont constitués au moins en
partie de caoutchouc.

Eolienne (1) selon I'une quelconque des revendica-
tions précédentes, dans laquelle lesdits un ou plu-
sieurs moyens d’amortissement (20) comprennent
un ou plusieurs aimants permettant de relier lesdits
moyens de réduction de bruit (8) a la paroi de tour
(22) grace aux forces d’attraction magnétique des-
dits aimants.

Eolienne (1) selon I'une quelconque des revendica-
tions précédentes, dans laquelle lesdits moyens de
réduction de bruit (8) comprennent au moins trois
moyens d’amortissement (20) répartis de fagon sen-
siblement uniforme sur I'axe longitudinal (L) de ladite
poutre (9).

Eolienne (1) selon la revendication 8, dans laquelle
lesdits au moins trois moyens d’amortissement (20)
sont séparés les uns des autres d’environ une moitié
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de la longueur d’'onde (WL) d’une oscillation indui-
sant du bruit dans ladite paroi de tour (22).

Eolienne (1) selon 'une quelconque des revendica-
tions précédentes, dans laquelle ladite poutre (9)
posséde une longueur (L) qui mesure au moins 1,5
fois la longueur d’'onde (WL) d’'une oscillation indui-
sant du bruit dans ladite tour (2).

Eolienne (1) selon 'une quelconque des revendica-
tions précédentes, dans laquelle lesdites une ou plu-
sieurs poutres (9) possédent une longueur (L) com-
prise entre 0,5 et 30 metres, de préférence entre 1
et 20 métres et de maniére préférée entre toutes
entre 2 et 8 metres.

Eolienne (1) selon 'une quelconque des revendica-
tions précédentes, dans laquelle lesdits moyens de
réduction de bruit (8) comprennentdes moyensd’ac-
cord (13) permettant de régler un entraxe (CD) entre
au moins deux desdits moyens d’amortissement
(20) en fonction d’'une longueur d’'onde (WL) des os-
cillations induisant du bruit dans ladite paroi de tour
(22).

Eolienne (1) selon 'une quelconque des revendica-
tions précédentes, dans laquelle ladite poutre (9) est
orientée sensiblement verticalement sur ladite tour

@).

Eolienne (1) selon la revendication 10, dans laquelle
ladite éolienne (1) comprend deux ou plusieurs
moyens de réduction de bruit (8) répartis de fagon
sensiblement uniforme le long d’'une circonférence
de ladite tour (2).

Eolienne (1) selon 'une quelconque des revendica-
tions 1a9, danslaquelle ladite poutre (9) est orientée
sensiblement horizontalement sur ladite tour (2).

Procédé permettant de réduire les émissions de bruit
d’une tour d’éolienne (2) en fournissant a une paroi
de tour (22) émettant du bruit des moyens de réduc-
tion de bruit (8) de sorte que des oscillations indui-
sant du bruit dans ladite paroi de tour (22) engen-
drent une dissipation d’énergie via des moyens
d’amortissement (20) agenceés entre ladite paroi de
tour (22) et une poutre allongée (9) desdits moyens
de réduction de bruit (8).

Procédé selon la revendication 16, dans lequel ledit
procédé comprend en outre I'étape d’établissement
de la longueur d’'onde (WL) d’'une ou plusieurs des-
dites oscillations induisant du bruit dans ladite paroi
de tour (22) avant fourniture desdits moyens de ré-
duction de bruit (8) a ladite paroi de tour (22) émet-
trice de bruit.
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Procédé selon la revendication 17, dans lequel les-
dits moyens de réduction de bruit (8) sont accordés
par réglage de l'entraxe (CD) desdits moyens
d’amortissement (20) en fonction de la longueur
d’onde (WL) desdites oscillations induisant du bruit.

Procédé selon les revendications 17 ou 18, dans le-
quel lesdits moyens de réduction de bruit (8) sont
accordés par réglage des distances entre les
moyens d’amortissement (20) reliés a la méme pou-
tre (9) en fonction de la longueur d’onde (WL) des-
dites oscillations induisant du bruit.
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Fig. 2
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